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Explore The Matter in a HIC ™ &oiamormmon

—>» Why do we want to study jets & Mach cones?
—>» Why do we use hydrodynamics?
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RHIC Results

EEE
NEWS

News Front Page
World B2 E-mail thista a friend

UK Early Universe was 'liquid-like'

¥ LIVE BBC NEWS CHANNEL

dated: Tuesday, 19 April, 2005, 16:26 GMT17.26 UK

& Printable version

England
Northern Ireland  Physicists say they have
scotland created a new state of hot,

wales dense matter by crashing

Business together the nuclei of gold
Politics  atoms.
Health
Education  The high-energy collisions prised
science &l open the nuclei to reveal their
Envirenment] o<t basic particles, known as
Technology

quarks and gluons.
Entertainment

Also in the news

The impression is of matter that is more
strongly interacting than predicted

The researchers, atthe US
Brookhaven National Laboratary,
say these particles were seen to behave as an almost perfect
"liguid",

Video and Audio

Have “Your Say
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* Jets are suppressed
—> System is dense and opaque

* Medium behaves like a fluid
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The Expanding Medium N TH GITY OF NEW YORX

From first principles, it is unclear if medium is ...

,dust” fluid

Particles interact,
expansion determined
by density gradient

Particles don't interact,
expansion independent

of initial shape

Hydrodynamics: azimuthal anisotropy of gn
emitted particles, parametrized by v, ¢ =5 |1 +2 Z vy cos(ng)

0.08} ) ideal =

TT TS . . —e 1)/5=0.03 . ]
-/ ;‘H, H;\ e—oms008 | m Data described by hydrodynamics
0.06- € /, o\ ® mELE=L Y
7 ?\ = _PHOBOS -
>m il ‘/ ... = n @ ....%\,{ \\ - Sma” 77/5
0.04F o ° .\ \ \ .
=7 BN
. \ - &\ . .
002} o \_ "%/ { —> Medium behaves like an almost
-7 \_ ideal fluid
70 a0 30 "

Part

P. Romatschke and U. Romatschke, Phys. Rev. Lett. 99,172301 (2007)
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Hydrodynamics &2 COLUMBIA UNIVERSITY

—>» Medium created in a HIC can be described using hydrodynamics

e Hydrodynamics represents (local) conservation of
energy-momentum o,IT* =0, pv=0,..,3
(local) charge ONI'=0, i=1,..,n

e For ideal hydrodynamics in local thermodynamical equilibrium
TMV — (5_|_p)uMuV _pg,uy’ guy — diag(—'_v_v_a_)

NF = nu* ut = y(1,7) v =(1-— ,Uz)—1/2

e Equation of State p = p(e, n;)

e Viscous hydrodynamics will not be considered in our calculations
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Jet - Studies in HIC I A N VERSITY

Trigger > Jet
e Jet moving through dense matter, et N\
depositing its energy
. spectators
—>» should eventually disappear . s
o Jet suppression: signal for creation of . .
opaque matter (Quark-Gluon Plasma) o, -
s:eclators
i . dsAuFTPC-AU0-20% &7 |
§ 2 A- — p+p min. bias is}jhn "ﬂ-
% i * Au+Au Central ] REERET
% 0.17 - 4 i \Atb
Zl- B 4ie- ' . N
0_;._ SRR ' - £ "‘*****“ "._,_ J
R T L R away-side

STAR, Phys. Rev. Lett. 91 (2003) 072304 A ¢ (radians)

—> Can energy lost by jets tell us something about medium properties?
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Jet - StUdIeS In HIC II o IN THE CITY OF NEW YORK
Can energy lost by jets tell us something about medium properties?

—> Idea: Propagation of fast parton generates a Mach cone pattern

H. Stocker, Nucl. Phys. A 750, 121 (2005), J. Casalderrey-Solana et al. Nucl. Phys. A 774,577 (2006)

—> reflect interaction of jet with medium

Mach cone angle sensitive to EoS

COS Ppr = €OS 3 = Cg/Vjet

By observation:
= Confirm fast thermalization
= Study EoS of the fluid
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Jet - Studies in HICIIT = iodmelamon

near-side
e Generation of Mach cone pattern T\
—> Redistribution of energy to lower p- q
particles
e Re-appearance of the away-side for "
low and intermediate p;ssoc awpy-sige |
s 00al(C) 34@2-3CGeVlc = 3} ® d+AuFTPCAU020% preliminary)
E l - 5 AU+AUIp+p- 3 ;*K:fAuo-s% O.lSLpT sssss <4 GeVic
5 7 V5= 200 GeV+ S 2f
- B ©
= ozp SRR, R
IIE- i ‘Z:-
>-

2 o 4 A¢ (radians)
A¢ (rad) STAR, Nucl. Phys. A 774,129 (2006)
PHENIX, Phys. Rev. C 77,011901 (2008)
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The Theory
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MOde”ing Of Jets IN THE CITY OF NEW YORK
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STAR, Phys. Rev. Lett. 95, 152301 (2005)

e Different jet deposition mechanisms
— GLV, BDMPS, ASW, AMY, Higher Twist
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Jets can be modelled using (ideal) hydrodynamics:

/

residue of energy and momentum given by the jet
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The Freeze-out Prescription™ wwamornovonc

Cooper-Frye Freeze-out:

N = C' [ dV exp[~y(E — p') /1]

prdprdd

> >
> e+p'V

—> mainly flow driven

Hydrodynamic

Evolution Pre-Equilibrium
Phase (< 1)
e Assumption of a) without QGP / \ pwinace
isochronous/isothermal freeze-out A/ \B
L NO interaCtion afterwal’ds http://www.rnc.blb.gov/ssalur/www/Research3.html

11 06/10/10 Berkeley School Barbara Betz



&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

The Static Medium
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Stopped Jet I T O THTOR

Applying a static medium and an ideal Gas EoS for massless gluons
Maximal fluid response
Assume' Near-side jet is not modified by medium

= [ 50 [t ()] dr

T
dM? [dr = (dE/dr,dM [d7) zl, = xf + ul, T
e BB et al., Phys Rfav C79,034902 (2009)5
Jet decelerating from v=0.999 i :
according to Bethe-Bloch formalism - Bragg Peak 4
s | E
W) =artsy  a=136GeV/fm | |8
1 1 adjusts path length - ---------- ‘ °
1 1 1
Simplest back-reaction from the medium ol \ )
o o085 1 1565 2 26 3 35 4 4%
t [fmnic]
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Stopped Jet II

Tg=200MeV, v=0999

&2 COLUMBIA UNIVERSITY
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Ty =200MeV, v=0999

4 240 4 240

3 3

2 230 2 230
— 220 = — 220
£ 0 s £ o =
:-‘-'“*_1 210 — 3‘"«_1 210

2 | 200 2 200

s 190 © 190

4 4

5 4 -3 -2 -1 0 | 5 4 3 2 4 0 1
x[fr] BB et al., Phys. Rev. C 79, 034902 (2009) di t=4.5/v fm

dE GeV dM GeV dE dM GeV
—(0)=15— —(0)=0— —(0)= v—(0)=1.5——
dt() fm dt() fm dt() dt() fm

—>» Mach cone for
sound waves
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—>» Diffusion wake
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Stopped Jet III T O THTOR

BB et al., Phys. Rev. C 79, 034902 (2009)

14 dM/dt = 0.00 GeVAm ]
12 war=tvagex-- 0 Normalized, background-subtracted
i: isochronous Cooper-Frye at mid-rapidity
- 08k
= . dN _r LT ) i
© 06 "‘. ppoTdydqb 0 - j dz,upJl UBoltzmann(u ) p/T) T jeq]
04 |* v -
02 '-‘
0 - 4
0 | Energy Flow Distribution
| d| = PEE@)e - o)
E 04 ' L 1 /
0.2 . (D =2\ —1 My(f)i|
AN r) = tan =
T 3mi? 2%
¢ [rad]
Diffusion wake causes  Assuming: Particles in subvolume will be
peak in jet direction emitted into the same direction
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Stopped Jet IV RECOLUMBE NIV ERSERS

BB et al., Phys. Rev. C 79, 034902 (2009)

e Jet stops after t=4.5/v fm

Tg = 200 MeV, v=0.999

240 4 240 4 240
3 3
230 5 230 5 230
oo0 & o200 & 1 220 =
v £ © £ O
2 =0 Z =0 =
1 210 & > {210 & o> 1 210 &
200 -2 200 -2 200
-3 -3
100 190 100
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5-4-3-2-1 0123465
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()] if)
4 4 4
240 240 240
3 3 3
o 230 5 230 5 230
§1 220§€1 220 % §1 220 >
dE(O)- 15GeVbo = =0 = =0 =
— - T - = =
dt fm "1 210 - =, 210 | > 210
vdM ©)=1 5GeV -2 200 -2 200 -2 200
dt T fm = -3 3
190 190 190
-4 -4 -4
54 -3 -2 -1 0 1 2 3 5-4-3-2-1 0123465
% [frr] % [frm]

tFO=6'5/V fm tFO=8'5/V fm
Diffusion wake still present = Vorticity conservation
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Different Jet-Energy Loss Modells
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Modelling Jets using ... o ey orsivone Y

Energy density perturbation Pointing vector perturbation
Strongly-coupled theory &%

1

AdS/CFT ol

|x|AS(x)
T3V

0.

i
‘/TT:l'_l_ 0

5
o -45

3 —45 i 7TT:L‘|| ﬂ'T:)T“
v=0.75
P. Chesler and L. Yaffe, Phys. Rev. D 78, 045013 (2008)
Energy density perturbation Momentum density perturbation
Iﬁlé,{m ;:&13 (a) Izlg!(;} 2 o3 (b)

Weakly-coupled theory
pQCD

- 20 —20

R. Neufeld et al, Phys. Rev. C 78,041901 (2008)

—>» Conclusion about Mach cones?
18 06/10/10 Berkeley School Barbara Betz
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Jets in AdS/CFT oAUy

100 > Ag/e(Ty) (v=0.9,A=5.5,N.=3)

Non-Mach correlations
—>» caused by Neck region

5 0
(z—vt)xT ¢

J. Noronha et al., Phys. Rev. Lett. 102,102301 (2009)
dN(¢)/dd — dN(0)/dd

'v=0.9 =0. =0.
V=075 Total [V =928 Total

------- Neck

a.

! \
! “
H v Rest
! \
] \
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Heavy Quark Jets




Heavy Quark Jets
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Compare weakly and strongly coupled models using heavy punch-through jet

Static medium and isochronous freeze-out needed for comparison

BB et al., Phys. Lett. B 675, 340 (2009)

pQCD: Neufeld et al. source for a heavy quark

R. Neufeld et al, Phys. Rev. C 78, 041901 (2008)

AdS/CFT: Stress tables with 7/s=1/(4r)

S. Gubser et al, Phys. Rev. Lett. 100,012301 (2008)
t=4.5/v fm AT/T, v=0.90

100 % Aefe(Ty) (v=0.9,1=5.5,N,=3)

x,(IaT,)
w

-0.05 0.1§

—-10 —
O "3 "z 1 0 J. Noronha et al., “ ™"
X =x-vt (1/7T) Phys. Rev. Lett. 102, 102301 (2009)

BB et al., Phys. Lett. B 675, 340 (2009)

—> No Mach-like peaks: cos @nr = s/ Vjet
AdS/CFT: Strong influence of the Neck region

21 06/10/10 Berkeley School
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The Expanding Medium
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Expanding Medium I COLUMBIA UNIVERSITY

e Consequences of expansion?
Radial flow, Elliptic flow

e Predictions:

Transverse flow causes distortion

Expansion broadens Mach cone angle

—» Mach cones are sensitive to the
background flow

Satarov et al, PLB 627:64 (2005)

e Qualitative, model-independent effect
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EXPandlng Medium II it oo Y

Experimental results based
on many events

Consider different jet paths

A. K. Chaudhuri, Phys. Rev. C 75, 057902 (2007),
A. K. Chaudhuri, Phys. Rev. C 77,027901 (2008)

e Apply Glauber initial conditions and an ideal Gas EoS for massless gluons
e Focus on radial flow contribution

3
dMV T(7) 4 7
f |: maX:| 5( )[xu B xjet(TﬂdT Tp = 200 MeV Eioe = 5 GeV
20 140
. Two-particle correlation 12 120
(Tfreeze-out < Tcrit =130 MEV): 5 e =
29 E ® a0 é
N(¢p) = A(}) + [ dp*N(¢ — ¢*) f(¢*) ~ * .
0 10
N — (N} 40 / -15 =
(CF()) = STl peargidejet . :
({(Nbackﬂgb)cw 20-16-10 -5}( [Em]E 10 15 20 T
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0.0015 |
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0.0005 k
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0.0005
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2
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Expanding Medium III

pTaSSOC:.I 0 GeV

broad away-side peak

E..: =5 GeV
p;9 = 3.5 GeV

(CF(¢)

pl

due to

non-central jets

CFig)

Vi =0.999

Berkeley School
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BB et al., arXiv: 1005.5461

pTaSSOC=2-0 GeV

total
upper half - - -
lower half

ked structure

<_I

double peé

P Jet 180 ——
Jet 150 - - -
Jet 120
Jet 90 --

¢ [rad]

PHENIX, Phys. Rev.
C77,011901 (2008)
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Expanding Medium IV X TS arry O Nw YomX

Comparing different deposition scenarios, one sees that
—> ,cone" angle approximately the same for different deposition scenarios

p19 = 3.5 GeV

pyssec = 2.0 GeV py#ssec = 3.0 GeV

0.035

0.035

Mom. dep. ------ Mom. dep. ------
003 t Endep. (x35) - - - - 003 t Endep. (x3.5) - - -
n+ilom dep. —— n+ilom dep. ——
0.025 0.025
I 0.02 | I 0.02 |
= =
. 0015 | . 0015 |
S S
001 001
0005 4 W et TmmmnTTe N 0.005 NN_/) . Y
0 Mot “.-" I ' ! 0 '_‘t,.: ".-'. I ' J
-0.005 ' ' ' -0.005 ' ' '
-T2 0 2 T 3n/2 -T2 0 2 T 3n/2
¢ [rad] Viet =0.999 ¢ [rad] BB et al., arXiv: 1005.5461

—> pssoc = 2.0 GeV: No double-peaked structure for pure energy
deposition scenario due to thermal smearking
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Considering a bottom quark (M=4.5 GeV), propagating at v;,; < C;
(on-shell energy-momentum deposition scenario)

pyssec = 2.0 GeV

0.035

0.03 r

0.025 |

0.02 r

(CF(9)

0.015
001 ¢

0.005 [

0 1 1 1
-T2 0 2 T 3n/2

¢ [rad] BB et al., arXiv: 1005.5461

—> Conical emission angle also appears for subsonic jets=>Not a Mach cone

—>» Cu+Cu: Similar away-side shoulder width,
double-peak structure reappars for p2ssoc = 3 GeV
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Summary o IM THE CITY OF NEW YORK

= Tnvestigation of jet-medium interactions using (3+1)d ideal
hydrodynamics for different energy and momentum loss scenarios
(schematic source term, pQCD, AdS/CFT)

= Diffusion wake is always created if dM/dx > threshold
= Different impacts of pQCD and AdS/CFT source terms
= Conical” signal can be created:

—> by averaging over wakes created by jets in different events.

=> There is a deflection of particles emitted due to collective
transverse flow.

=> Quite insensitive to deposition mechanism, jet velocity (even
for subsonic jets), and system size

= Structure unrelated to EoS

= Can be tested experimentally comparing hard-soft correlations
induced by heavy-flavor tagged jets.
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Backup
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Punch — Through Jet I s Crec O son

Applying a static medium and an ideal Gas EoS for massless gluons
Maximal fluid response

Assume: Near-side jet is not modified by medium , /
Tf '.\," “ & .
v [ dM” c(4) | WM
SV = | &0 {ZC Tiee(T) | AT
T4
- _ 0
dM"/dT = (dE/dT,dM /dT) xjuét = x4 + Uit T
U S eUBLIS G T = 200 MeV, v=0.999
4 4
3 =40 . 240
2 CEIe . 230
— 1 220 %‘ 1 oon &
£0 =, £ 0 =
s 210 > 210 &
2 | 200 2 200
° 190 E 190
4 4
5 4 % 2 1 0 5 4 3 2 -1 0 |
x [frm] x[fm] BBetal, Phys. Rev.C 79,034902 (2009)
dE - GeV , dM - 0 Gev v=0.999 dM _ dE _ T GeV t=4.5/v fm
dt fm dt fm dt B dt oo fm
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PunCh - Through Jet II IN THE CITY OF NEW YORK

BB et al., Phys. Rev. C 79, 034902 (2009)

1.4
12t

1

CF{¢)

04+ 3
L]

02 r

08k

06

dM/dt = 0 00 GevAm ——
dM/dt = 0 76 GeVAm - - -
dM/dt = 150 GeVAm - - - -- 1

dE/dddy [a.u.]

Diffusion wake causes

3nie 2T
¢ [rad]

peak in jet direction

31
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Normalized, background-subtracted
isochronous Cooper-Frye at mid-rapidity

dN

0 — j dz,upﬂ [fBoltzmann(u ) p/T) — feq]
by

prdppdydd y—

Energy Flow Distribution
= | &’TE(F)d[¢ — (7))
=0

y= ‘/////
My(

() = tan™! |:M$(

dE
dody

)
)

81

|

S]]

Assuming: Particles in subvolume will be
emitted into the same direction
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PunCh - Through Jet III IN THE CITY OF NEW YORK

BB et al., Phys. Rev. C 79, 034902 (2009)

1.4 .
v=0999 —

12 0580 ----- 7

Does the jet-pattern reproduce 1 h
the features of a Mach cone? os [

CF(o)

06 r

04 r

COS ¢M — Cs/vjet .|

—> Velocity dependence of the
emission angle

dE/dgdy [2.u]

Creation of Bow Shock for smaller v
strengthens peak in jet direction

Barbara Betz
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PUﬂCh - Through Jet IV Gip IN THE CITY OF NEW YORK

e Transverse momentum deposition:

B 1 (F—2)?| (dE dM; My dMT
Sy o ( 271'@')3 eXp [_W} (dt’ dt * dt 9 51119

Ty = 200 MeV, vy=0 999

=4.5/v fm

BB et al., Phys. Rev. C 79, 034902 (2009)
240

14 dE/d=dMdt ——
M /d1=0.26 dMy/dt — - -

121 230

220

—>» Still influence of
diffusion wake

1

T [MeV]

0.8 | L 4 210

CF{9)

06 2010

1 5 4 -sxifzm]-1 0 1 dE=dMT
(k) dt dt

240

04 r

02

from explosion of

matter
4 3 2 1 0 1 dM 1dM

L [\/ — Vorticity conservation
dt 4 dt
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Punch — Through vs Stopped@

BB et al., Phys. Rev. C 79, 034902 (2009)

14

CF{¢)

dE/dady [a.u.]

34

12 r

dM/dt = 0.00 GeVim ——
dM/dt = 0 76 GeVAm - - -
dM/dt = 1 50 GeVAm

W
i
L
[]
L .
" v
* (S .
* ITt
3 ]
+ +

3w
¢ [rad]
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Punch-Through Jet
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CF{¢)

dE/dddy [a.u]

COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

14
12

1L
0.85:

06 b

04t

0zt

dM/dt = 0.00 GeVim ——
dM/dt = 1/ dE/dt - - - - - ]

3wz 2
[rad]

Stopp¢ed Jet

—> Similar freeze-out patterns

Berkeley School
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Punch — Through Jet: & CoimmAUN RSy
VeIOC|ty Scan

Ty =200MeV, v=0999 To =200 MeV, v=075

240 240

220 220

220 = 220 =
b} o]
2, 2,

210 — 210 -

200 200

190 180

Ty = 200 MeV, v=0.58

240

230

220

T [MeV]

t=4.5/v fm

210

200

190

£ 4 2 -2 4 o 1 2
% [frn]
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Why linearized Hydro is I\ THE CITY OF NEW YORK
not so good
Mach Cone Head wave pile-up

- Non-linear hydrodynamics
- Signal not well understood
- Non-Mach cone angle

- Linear hydrodynamics
- Connected to EoS

Diffusion zone Neck

Mach cone ;

Diffusion Wake
- Proportional to source

- Not seen experimentally - Non-linear hydrodynamics

- Non-thermalized
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Stopped Jet T O THTOR

Larger impact of thermal

Diffusion wake causes smearing
peak in Jet direCtion BB et al., Phys. Rev. C 79, 034902 (2009)
14 . / \ :
o Mt [ N
1.2+ - 4t . \
1 1r .
= 08 ‘ :
& 0.6
— :
04
02+ l"
0
Imi2 2N 32 2LT 3?:;"2 em
o [rad] o [rad)] o [rad]
tFO=4.5/V fm tFO=6'5/V fm tFO=8'5/V fm
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Jets in pQCD I b2 CoLumBIA UNIVERSITY

Considering a static medium and linearized hydrodynamics
for a punch-though jet

R. Neufeld et al, Phys. Rev. C 78,041901 (2008)

- =0.13 (b)

aT(z—ut)

—> Mach cone signal & Diffusion Wake
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Jets in pQCD II I\ 1THE CITY OF NEW YORX

Contour plots of magnitude of perturbed momentum density

R. Neufeld et al., Phys. Rev. C 79, 054909 (2009)
1 7 3 3

(z=ut) [fm]
s

—  Strong flow in jet-direction >  DLt) > 4@




Expanding Medium
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Strong impact of the Diffusion wake

—> Causes smaller dip for p;=2 GeV
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CF(@)
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Expanding Medium I I CITY OF NEW YORY
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—> No conical distribution in expanding medium
for pr=1 GeV and p=2 GeV

—> Jet 180: No peaks on away-side

Berkeley School Barbara Betz



Expanding Medium
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—> The same p;-dependence as for energy
and momentum deposition
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Flow profile at freeze-out after background subtraction

Ty =200MeV, v=0.999 Ty =200MeV, v=0.999
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B 95
gg 90
85
80 80
75 75

43 06/10/10 Berkeley School Barbara Betz



The Caveat

=  Assumption :
Correlations from flow anisotropy
and jets are uncorrelated

ZYAM (Zero Yield At Minimum)

= Subtraction of:
estimated elliptic flow modulated
background

= can leads to:
double peaked structure

Two-source model:

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

0
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o noe 234 0 o
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trig

J. Ulery [STAR], PoS LHCO7,036 (2007)

sl 2
Background: ~ 7
Particle correlation | <— =7
from elliptic flow - -

LN

Co(A¢) = Cojer(Ag) + b [1 4 2(vg ) (13') cos (2A0) ]
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3-Particle Correlations

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

3-Particle Correlations seem to corroborate the Mach Cone picture

near-side
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away-side
o G
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Deflected jet

Ad

=3 -~ [xy £ S in
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&@T = &@_aﬁﬁig

N

YopPvp M

3 4

&';E?aT — &';E%_@Trig

STAR Int. J. Mod. Phys. E 16 (2007)

= Experimental data show
2 off-diagonal peaks
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Jet - Studies at SPS Energies’ xowamorsmvons

e High-p; correlations at SPS energies show conical structure?
—> Conical structure even before subtracting the effect of elliptic flow - ZYAM
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Jet - Studies in HIC

For most central collisions,

the shoulder width is

similar in Au+Au and Cu+Cu

collisions

47 06/10/10
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PHENIX, PRL98, 232302 (2007)
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Jet-Medium Models <2 COLUMBIA UNIVERSITY

0.25 ‘ ‘ ‘
Determines angular correlation pattern . *_ PHENIX dua
g 021 \'\ — . ideal QGPc, |
i = \ == £=0.5
e Fireball model 3 |
. 3 |
o Lattice QCD EoS :
< i
o BDMPS-like energy loss

T. Renk and J. Ruppert, Phys. Rev. C 73, 034907 (2006)

f: fraction ... of energy lost to the medium — sound wave
[that] excites a collective mode*

(1-f): ,remaining energy fraction ... [that] in essence heats o
the medium and leads to some amount of the collective ~ —> diffusion
drift along the jet axis...”

—> Mach cones only if dM/dx << dE/dx
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Jet — Energy Loss Studies ~ wruanorsovon

e Jet deposits energy and momentum along a trajectory

e Applying linearized hydrodynamics

§ 0.14 s 1=
!?' L g L
5 o012 S i
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r 5
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J. Casalderrey-Solana et al., Nucl. Phys. A 774,577 (2006) Ag(rad)
- —> Mach cone for
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Jets in pQCD IN THE CITY OF NEW YORK

Comparing different freeze-out scenarios, neglecting the diffusion wake:

>,.
Cooper Frye Brick Freezeout Scenario Cooper Frye Radial Freezeout Scenario
Radial Flow=0.6 ¢
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Phi Phi

Neufeld et al, arXiv:0810.3185 [hep-ph]
—>» Is the diffusion wake really an artefact???
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